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(54) WAVEGUIDE TYPE OPTICAL DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a polymer 
waveguide optical device excellent in heat resistance, 
water and moisture resistance and light-transmitting 
property and improved in cost performance and 
versatility. 

SOLUTION: In this waveguide optical device including a CPj C p 3 

directional coupler, the core and/or the clad of the V / 

directional coupler essentially consists of the perfluoro q 
org. polymer material described below as the main 

structural element. This polymer material is an ^ ,• 

amorphous org. polymer material which has a cyclic ^ / 

structure comprising carbon-carbon single bonds and — CF — CP — 

carbon-oxygen single bonds in the molecular chain 

expressed by formula and has only carbon-fluorine 

bonds as chemical bonds of carbon and univalent 

elements. The waveguide optical device may contain a 

Mach-Zehnder interferometer fabricated by the 

combination of two or more directional couplers. 

Moreover, the device may have a thermooptic phase 

shifter consisting of a resistor thin film for electric heating. 
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'* NOTICES * 

JPO and NCI PI are not responsible for any > 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The waveguide type light device characterized by forming the perfluoro-organic 

polymeric materials which are the amorphous organic polymeric materials which have the cyclic 

structure to which the core of this directional coupler and either of the clads, or both ingredients 

consist of carbon-carbon single association and carbon-oxygen single association into a chain in 

the waveguide type light device containing a directional coupler, and include only carbon-fluorine 

association as a chemical bond of carbon and a monad as a main component. 

[Claim 2] The waveguide type light device according to claim 1 characterized by including the 

Mach-Zehnder interferometer produced combining two or more directional couplers. 

[Claim 3] The waveguide type light device according to claim 1 characterized by having the heat 

optical phase shifter which consists of a resistor thin film for performing energization heating. 

[Claim 4] these perfluoro-organic polymeric materials — following structure-expression (** 1): - 

- [Formula 1] 
-CF Z -CF 2 - 



And the following structure expression (** 2): [Formula 2] 
CF S CF 3 

0 0 



\ / 

CF — CF 



since — a waveguide type light device given in any 1 term of claims 1-3 characterized by being 
the becoming copolymer. 

[Claim 5] these perfluoro-organic polymeric materials — following structure-expression (** 3): - 
- [Formula 3] 

CF 2 
/ X 
CF 2 -CF CF 



\ / 

0— <CF 2 )n 



And/or, the following structure expression (** 4): [Formula 4] 
CF 2 -CF CF — 



(CF 2 )n 



( — however, a waveguide type light device given in any 1 term of claims 1-3 characterized by 
each n having the repeat unit expressed with 1 or 2). 
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JPO «nd NClPi are not responsible for any 
dances tasted by the un of this translation 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. > f 
3 In the drawings, any words are not translated. " 

DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0OO1J 

[Held of the Invention} This invention relates to the waveguide type fight device formed using 
the perfluoro •o r ganic polymeric materials which are the amorphous organic polymeric materials 
which have the cyclic structure which consists of carbon-carbon single association and carbon- 
oxygen single association, and nctodo only carbon— fluorine a ss ociation as a chemical bond of 
carbon and a monad into the chain. 
[0002J 

[Description of the Prior Art] Researches and developments of various optical components are 
furthered towards the advancement of an optical transmission system, and economization. 
Especially, optical waveguide attracts attention as a basic technique to high density fight wiring 
and waveguide type fight device implementation. Generally, from an optical waveguide ingredient, 
the ease of waveguide production, the controllability of a refractive index, thermal resistance, 
waterproof moisture resistance, etc. are required As current and an optical waveguide 
ingredient, the quartz is used best and as for the optical waveguide made from a quartz, the 
wavelength of 1.3 micrometers shows the tew optical toss of 0.1 or less dB/cm. However, 
complexity and large erea-ization have which difficult trouble and a manufacture process cannot 
obtain easily the waveguide type light device which is excefient in economical efficiency and 
versatility. On the other hand, since macromolecule optical waveguide can use the membrane 
formation process by the spin coat method, as compared with quartz system optical waveguide, 
it is simple for a production process and large -area-tzing is also easy for it. Furthermore, 
especially the application of polymeric materials to the waveguide type fight device which had 
the heat optical (TO) effectiveness (temperature dependence of a refractive index) big 10 or 
more times compared with the quartz in many cases, and used the TO effectiveness is 
promising. The temperature dependence of a refractive index compares polymethylmethacrylate 
(PMMA) with leas than [ of -1.0x1 0-4/degree C end a quartz / 1x10-5/degree C ]. For example, 
since it is targe 10 or more times. When PMMA optical waveguide is applied to a Mach TSUENDA 
mold TO switch [HID A (Hida) others by which it is known that switching power wfll be greatly 
reduced by about 1/100 compared with quartz system optical waveguide. IEEE Photonics 
Technology Letters (IEEE Photonics Technology Letters), the 5th volume, the 782page0993)]. 
However, since heat deflection temperature of PMMA is as low as about 100 degrees C. a 
switching characteristic deteriorates by the repeat of [Fumio Ide work, "optoelectronics and a 
macromolecule''. the 28th page and KYORTTSU SHUPPAN (1995)]. and heating and cooling at 
the time of actuation. For this reason, it cannot be said that PMMA is suitable for the waveguide 
type light device formation using the TO effectiveness. Moreover, water absorption of PMMA is 
as large as about 2V and a refractive index changes with environmental humidity a lot For 
example, when the directional coupler which is the most fundamental element of optical 
components is formed using PMMA. the branching ratio of outgoing radiation light will change 
with installation environments a lot Furthermore, since the absorption of 1 .55-micrometer band 
of PMMA is large. [Yoshimura et at., a "flat-surface mold polymer fight wave circuit", the 
collection of the Institute of Electronics. Information end Communication Engineers spring 



convention drafts. SC-8-3. 5-319 (1994)] and the components for optical 
wavelength range also have the fault that it cannot be used Thus, as an 
waveguide type fight device, the polymeric materials which w 
wat erproof moisture resistance, and the fight transmission nature 

[0003] As heat-resistant outstanding polymeric materials, poryimide is known well and used for 
the interlay er insulation film of semi-conductor components, the flexible wiring substrate, etc. 
However, usual polyimide is inferior to the fight transmission nature of the near-infrared region 
(1.3 micrometers. 1.SS micrometers) where hygroscopic ity b not only targe but an opticar- 
correnuracation wavelength range. Then, the ftuorinetion poryimido which introduced the fluorine 
substhuent b proposed as an ingredient in which optical appfieation is poss&le. holding the 
thermal resistance of polyimide. It b already shown dearly that fluorination polyimide b 
transparent in a near-infrared region (JP.3-72528A) and that rt excels in waterproof moisture 
resistance. Furthermore, the method (JP.4-235505A 4-235506) of forming the fluoridation 
porywrode optical waveguide using thb refractive-index control b also easily shown that a 
refractive index b changeable (JP .4-8734 .A) by controlfing a ccpcJymeriution ratio, using thb 
fluorination poh/rnide as a copolymer. Although moisture absorption b small compared with 0.2 - 
0.7V PMMA. eta also about fluorination polyimide. there b a fault that effect of moisture to a 
directional coupler property or the property of a Mach-Zehnder interferometer cannot be 
disregarded. When TO switch b especially produced with these ingredients, since the adsorption 
and cic sorption of moisture happen by carrying out energization heating, a refractive index may 
change a lot and may exceed the nsfraetrve-indox change by the TO effectiveness. For thb 
reason, there was also a fault of being hard to obtain the object which an operating 
characteristic changes a lot and b equal to practical use with environmental humidity. There is 
optical waveguide (JP.4-190202.A) using the polymeric materials which are excellent in thermal 
resistance, waterproof moisture resistance, and the fight transmission nature in long wavelength 
using perfluoro- organic polymeric materials as an example of another waveguide production. 0.1 
or less dB/cm is realized as waveguide toss of 1 .3-mierometer band of ridge mold waveguide, 
and it b checked that after one-week immersion does not have property change into 60-degree- 
C warm water. However, there b no example of appfieation to the waveguide mold device which 
contains the directional coupler of perfkicro-organic polymeric materials until now. Furthermore, 
since the themtooptic effect of perfluoro-organic polymeric materials has not inquired it does 
not have an example of appfieation using a thermooptic effect, either. 
[0004] 

[Problemts) to be Solved by the Invention] The purpose of thb invention offers the giant- 
molecule waveguide type light device which b excellent in thermal resistance, waterproof 
moisture resistance, and light transmission nature, and is to improve the economical efficiency of 
a waveguide type light device, and versatility as the result 
[0005] 

[Means for Solving the Problem] If thb invention is outlined, thb invention has the eye fie 
structure which consists of carbon-carbon single association and carbon-oxygen single 
association into a chain. And it b invention about the waveguide type light device using the 
perfluoro-organic polymeric materials which are the amorphous organic polymeric materials 
which include only caibon-fkiorino association as a chemical bond of carbon and a monad. The 
waveguide type light device of the 1 st invention b characterized by either a core and a clad and 
both containing the directional coupler formed considering perfluoro— organic polymeric materials 
as a main component The waveguide type fight device of the 2nd invention is characterized by 
including the Mach-Zehnder interferometer produced combining two or more directional couplers 
of the 1st invention. The waveguide type fight device of the 3rd invention b characterized by 
having the heat optical phase shifter which the waveguide type light device of the 1st invention 
becomes from the resistor thin film for performing energization heating. For the waveguide type 
light device of the 4th invention, the perfluoro-organic polymeric materials in the waveguide type 
light device of the 1st - the 3rd invention are following structuro-expression (** 1): [0006]. 
[Formula 1] 
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-cp,~cp,- 

[0007] And the following structure expression (** 2) : [0008] 
[Formula 2] 

O 0 

\ / 

— CP - CP — 

[0009] since — Kb characterized by being the becoming copolymer. Furthermore, for the 
waveguide type light device of the 5th invention, the perfluoro-organic polymeric materials in the 
waveguide type light device of the 1st - the 3rd invention are following structure-expression (*» 
3): [0010). 
[Formula 3] 



f 



CP,-CF CP 

\ / 



[001 1] And/or. the following structure 
[Formula 4] 



(« 4) : [0012) 



t 



CP, -CP - 

I 



- (CF,)a 



[0013] (— however, each n b characterized by having the repeat unit expressed with I or 2). 
[0014] As a result of advancing examination from the aforementioned viewpoint, the perfluoro- 
organic polymeric materials which are the amorphous organic polymeric materials which this 
invention persons have the cyclic structure which consists of carbon-carbon single association 
and carbon-oxygen single association into a chain, and include only caitKjrr-fluorine association 
as a chemical bond of carbon and a monad showed clearly that it has workability required for 
waveguide type light device production containing a directional coupler. Consequently, it came to 
complete header this invention for that the produced device b excellent also in thermal 
resistance and waterproof moisture resistance with low toss in the wavelength of 1 .3 
micrometers, and a 1 .55-micrometer near-infrared region, and the heat optical constant the 
temperature dependence of a refractive index is indicated to be being equivalent to other 
polymeric materials (more than 1 0-4/degree C). and it being larger than a quartz enough. 
[0015] 

[Embodiment of the Invention] Hereafter, this invention is explained concretely. A clad and core 
materials applicable to this invention are explained. In order to demonstrate the engine 
performance stable { a waveguide type fight device's ]. as mentioned above, thing ** with the 
environmental humidity dependency of a refractive index small [ that 1 waveguide ingredient is 
transparent a near-infrared region especially the wavelength of 1.3 micrometers, and near 1.55 
micrometer, two cbds, and core materials ) at low moisture absorption and tow water absorption 
is desired. Furthermore, it becomes important [ a clad the heat optical constant of core 
materials, and thermal resistance ] in the case of the waveguide type light device using a 
thermooptic effect 

[0016] The absorption spectrum of the copolymer (a copolymerization ratio. 35:65 mole ratios) of 
the compound expressed with a formula (** 1) and the compound expressed with a formula (*» 
2) is shown in drawing 1 R> 1 as compared with PMMA. drawing 1 — sotting — a continuous fine 



— the copolymer concerned and a broken line — each of PMMA — an absorption spectrum is 
shown. 

[0017] As shown in drawing 1 . since perfluoro- organic polymeric materials do not have 
harmonic-overtone absorption of vibration of C-H coupling the wavelength of 1.1 micrometers 
which was not able to be removed 1 .4 micrometers, and near 1 .65 micrometer, they have high 
transparency throughout 0.6-1.7 micrometers with an organic compound including the 
conventional C-H coupling. Moreover, the above-mentioned copolymer, the compound which has 
the repeat structure of n= 1 by the formula (** 3). and the compound which has the repeat 
structure of n= 2 by the formula (** 4) are ASTM about the film sample. Perfluoro-organic 
polymeric materials have 1/20 or less small water absorption also to 1/100 or less [ of usual 
PMMA ]. and fluorination polyimide so that H may understand also from the water absorption 
measured by the approach of DS70 being 0.01% or less. For this reason, the directional coupler 
produced using the perfluoro-organic macromolecule is not based on environmental humidity, but 
shows a fixed property, and can produce the waveguide type light device excellent in the 
environmental humidity dependency. In the waveguide type light device using the perfluoro- 
organic giant molecule of this invention to harmonic- overtone absorption of vibration of 0~H 
association with a wavelength of 1.4 micrometers having increased according to moisture 
absorption in the conventional polymeric materials, and the increment in optical loss (1.3 
micrometers and 1.55 micrometers) having been observed especially, loss fluctuation was a small 
value also in high humidity conditions. Furthermore, switching power became about 1/100 
compared with quartz system optical waveguide, and the Mach TSUENDA mold thermooptic 
effect switch produced by perfluoro-organic polymeric materials had the big thermooptic effect 
comparable as the case of PMMA. Moreover, the humidity dependency of a switching 
characteristic was not observed, either but the stable property has been realized 
[0018] As perfluoro-organic polymeric materials used for this invention, it does not have C-H 
n intramolecular, but if it is amorphous plastics which includes only cartoon- fluorine 
n as a chemical bond of carbon and a monad, anythings can be used. The plastics 
which has cyclic ether structure, i.e.. the cyclic structure which consists of carbon-carbon single 
association and carbon-oxygen single association, can use it suitably into the principal chain 
structure of a macromolecule from a viewpoint which suppresses dispersion of the light 
accompanying an orientation birefringence by abolishing the symmetric property in the molecular 
structure of plastics, and raising amorphbm nature especially. 

[0019] Hereafter, the optical waveguide device of this invention b explained more to a detail. A 
directional coupler and the general making process of a Mach-Zehnder interferometer are shown 
in drawing 2 among the optical waveguide devices of this invention. First, the lower cladding layer 

2 is formed on a substrata 1. Next, the core layer 3 with a bigger refractive index than the lower 
cladding layer 2 is formed in up to the tower cladding layer 2. Next, the mask pattern 4 of a 
directional coupler or a Mach-Zehnder interferometer is formed in up to a core layer 3 with a 
FOT0R1SO graphic method. The core pattern 5 of a deed directional coupler is formed for 
etching to the core layer 3 in which the mask pattern 4 was formed using the RIE method. After 
removing a mask, the up cladding layer 6 b formed on the core pattern 5 of a directional coupler. 
By such approach, the directional coupler ( dr a win g , 3 ) by perfluoro-organic macromolecule 
optical waveguide and a Mach-Zehnder interferometer ( drawing 4 ) are formed. That is. drawin g 

3 and drawing 4 are each mimetic diagram. 

[0020] A directional coupler b one of the things the most important in the element which 
constitutes a waveguide type fight device, and fundamental. It is used as optical components 
which branch outgoing radiation fight by the ratio of arbitration, and the branching ratio can be 
controlled by the simple substance by changing interaction length. Moreover, a Mach-Zehnder 
interferometer b a basic optical circuit which constitutes a waveguide type light device, and can 
be used as various optical components with combination with a phase shifter. In this invention, 
even if it carried out long duration use by the high temperature service or the high- 
humidity /temperature condition using the thermal resistance of the perfluoro-organic polymeric 
materials used as a waveguide ingredient, waterproof moisture resistance, and an optical loss 
property being excellent, the small directional coupler and small Mach-Zehnder interferometer of 
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property change could be produced ea£?y. sod the resistance to environment of the waveguide * 
type light device which his a directional Coupler and a Mach-Zehnder interferometer, economical 
efficiency, end versatility improved sharply. 

[0021] Drawin g 5 is the Mach-Zehnder interferometer formed using perftuoro-organic 
macromelecule optical waveguide, and drawing showing the making process of TO switch which 
consists of an electrode for heating by the resistor thin film. A motel membrane 7 is formed on 
the up cladding layer 6 of the Mach-Zehnder interferometer produced by the same approach as 
drawin g 2 . Next after forming the mask pattern B of the electrode for heating (heajt Optical *' 
phase shifter) an up to this metal membrane 7 with a FOTOfUSO graphic method etching of a 
metal membrane 7 is performed and the electrode 9 for heating is formed. By such approach, the 
Mach TSUENDA mold TO switch ( djewwigfi . mimetic diagram) by perftucro-organic giant- 
molecule optical waveguide b formed. In this invention, since the perftuoro-organic giant 
molecule which excelled [ ingredient / optical waveguide ] in thermal resistance and waterproof 
moisture resistance was used, it excels in a resistance to environment and long term stabifity. 
and the perfluoro-erganic pant-molecule TO switch switched at low power and a high speed 
rather than a quartz system TO switch could form easily, moreover, it also turned out that the 
operating characteristic of about 1 law is shown under large humidity conditions also in the 
condition of not taking measures, such as the closure which prevents invasion of moisture or 
moisture, compared with TO switch produced by other polymeric materials. Consequently, the 
resistance to environment of a giant-molecule TO switch, economical efficiency, and versatility 
were able to be raised sharply. En addition, in this invention, although the substrate ingredient of 
arbitration can be used, as for a switching rate, the direction which used substrate ingredients, 
such as aluminum with the big heat conductivity, aluminum alloy, stainless steel, and copper, 
becomes early. Moreover, as an ingredient for resistor thin film formation. Ti. Cr. aluminum, gold, 
silver, copper, platinum, the tin oxide, indium oxide, iridium tin oxide, and such mixture can be 
used. Moreover, you may be the cascade screen of these thin films. 

[0022] En addition, in the making process of the waveguide type light device shown above, when 
carrying out the spin coat of the core materials on the charge of a clad plate, and when carrying 
out the spin cost of the charge of a clad plate on core materials. INTAMI1GSHINGU mixed with 
the ingredient which the ingredient applied previously dissolves and is applied later may occur. It 
cannot bo overemphasized that the INTAMJKISHINGU prevention layer of a thin Film may be 
prepared in this invention using en ingredient without a core, a clad, and a common solvent the 
ingredient of this prevention layer — which of an inorganic material and an organic material — 
****** — as an inorganic material — Sr02 MgF2 and CaF2 etc. — moreover, as an organic 
material, potyimide. a silicon mecrcmolecule. etc. can be used other than a perftuoro-organic 
macromolecule. The production approach has the spin-on glass method besides various vacuum 
deposition methods, such as resistance heating, electron beam heating, and sputtering, and an 
available spin coat method. 
[0023] 

[Example] Hereafter, although this invention is explained still more concretely using a drawing, 
this invention is not limited to these examples. En addition, at this example, although Ti and gold 
are used for the substrate at a ceramic, silicon, and a metal membrane, it cannot be 
overemphasized that other ingredients may be used. 

[0024] they ore the tetrafki or ©ethylene which is the structure of example t formula (** 1). and 

the structure of a formula (** 2) — bis among copolymers with -2, 2-trifluoromethyl -4. 5- 

diftuoro-l. and 3-JIOKI SOL (PPD). the copolymeruation ratio of PPD dissolved the 83-mol \ of 
macromolecule in the organic solvent ( Fluorine rt FC-75. 3 M company make) of a fluorine 
system so that concentration might become 2%. The spin coat of the solution was carried out on 
the ceramic substrate, and under nitrogen-gas-atmosphere mind, it heated at 40 degrees C for 1 
hour, and heated at 180 degrees C by 100 degrees C for 1 hour for 1 hour, the solvent was 
removed completely, and 15 micrometers of thickness and a refractive index with a wavelength 
of 0.S9 micrometers produced the lower cladding layer 2 of 1.29. Next, the copolymerization ratio 
of PPD dissolves 40-mol % of a macromolecule in the organic solvent (Fluor inert FC-75. 3 M 
company make) of a fluorine system so that concentration may become 1 0%, and it carries out 
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waveguide with a core width of face [ of 7 micrometers ] and a core height of 7 micrometers was 
obtained by changing the mask pattern 4 of example 3 example 1 into the Mach-Zehnder 
interferometer of the structure which connected two 3dB couplers, and performing the same 
actuation as an example 1 . When light with a wavelength of 1 .3 micrometers was inputted into 
this Mach-Zehnder interferometer from the arm I. the optical output was observed only with the 
arm 4. The insertion loss at this time showed 2.5dB and a small value by joint loss lump. The 
produced Mach-Zehnder interferometer has the property equivalent to the first stage, even after 
being immersed after 100-degree-C heat treatment and underwater, and into a high- 
humidity/temperature (85-degree-C. 85SRH) ambient atmosphere and an acetone, and it was 
excellent in a resistance to environment and long term stability. Moreover, environmental 
humidity showed the almost equivalent property in the range of RH 1 3 to 90Y and the humidity 
dependency of the branching ratio which was a problem in the conventional macromolecule 
waveguide of operation was also canceled. Furthermore, it was possible by using 3dB coupler on 
the wavelength of 1.2 micrometers - 1.65 micrometers to have obtain od the same result as the 
case of 1 .3 micrometers in a full wave length region. Consequently, the resistance to 
environment of the waveguide type light device which has a Mach-Zehnder interferometer, 
economical efficiency, and versatility improved sharply by using the perfluoro-giant molecule of 
the copolymer of a formula (** 1 ) and a formula (** 2). 

[0027] The Mach-Zehnder interferometer of the structure of drawing 4 formed by flush type 
waveguide with a core width of faco [ of 7 micrometers ] and a core height of 7 micrometers was 
obtained by changing the mask pattern 4 of example 4 example 2 into the Mach-Zehnder 
interferometer of the structure which connected two 3dB couplers, and performing the same 
actuation as an example 2. When light with a wavelength of 1.3 micrometers was inputted into 
this Mach-Zehnder interferometer from the arm 1. the optical output was observed only with the 
arm 4. The insertion loss at this time showed 2.6dB and a small value by joint loss lump. The 
produced Mach-Zehnder interferometer has the property equivalent to the first stage, even after 
being immersed after 100-degree-C heat treatment and underwater, and into a high- 
humidity/temperature (85-degree-C. 85%RH) ambient atmosphere and an acetone, and it was 
excellent in a resistance to environment and long term stability. Moreover, environmental 
humidity showed the almost equivalent property in the range of RH 13 to 90%, and the humidity 
dependency of the branching ratio which was a problem in the conventional macromolecule 
waveguide of operation was also canceled. Furthermore, it was possWe by using 3dB coupler on 
the wavelength of 1.2 micrometers - 1.65 micrometers to have obtained the same result as the 
case of 1.3 micrometers in a full wave length region. Consequently, the resistance to 
environment of the waveguide type light device which has a Mach-Zehnder interferometer, 
economical efficiency, and versatility improved sharply by using the poly perfkioro-allyl vinyl 
ether which has the repeat structure of n= 1 by the formula (** 3). 

[002B] The Ti metal membrane 7 used as tho electrode for heating (heat optical phase shifter) 
was formed by spatter vacuum evaporationo on the up cladding layer 6 of tho Mach-Zehnder 
interferometer produced in the example 5 example 3. After carrying out the spin coat of the 
photoresist to this Ti metal membrane 7. the resist was made to imprint the mask pattern 8 of 
an electrode with a F0T0R1S0 graphic method. Tho photoresist was used as the mask. Ti was 
etched into the last, and the electrode 9 was formed in iL As a result of performing property 
measurement of the Mach TSUENDA mold TO switch ( drawing 6 ) by the perfWo-organic 
giant-molecule optical waveguide formed by such approach, the switching time was 4mS(s). 
switching power was 8mW. and the extinction ratio of 2.5dB and switching of the insertion loss of 
the transparency port at this time was 25dB in the connection loss lump. It turned out that the 
perfluoro-organic giant-molecule TO switch which switching power is 1/50 or less [ made from a 
quartz 1 and was produced according to the effectiveness of the big heat optical constant which 
the perfkioro-giant molecule of the copolymer of a formula (** 1) and a formula (** 2) has 
operates as low power and a high-speed optical switch. Moreover, produced TO switch has the 
property equivalent to the first stage, even after being immersed after 1 00-degree-C heat 
treatment and underwater, and into a high-humidity /temperature (85-degree-C. 85%RH) ambient 
atmosphere and an acetone, and it was excellent in a resistance to environment and long term 



v the spin coat of the solution on a ceramic substrate. Under nitrogen-gas- atmosphere mind, it 
heated at 40 degrees C for 1 hour, and heated at 180 degrees C by 100 degrees C for 1 hour for 

1 hour, the solvent was removed completely, end 7 micrometers of thickness and a refractive 
index with a wavelength of 0.59 micrometers produced the core layer 3 of 1 32. Titanium was 
vapor-deposited with the electron beam heating process as a mask for etching ail over this 
sample. Subsequently, spreading of a positive resist, prebakrhg. exposure, development, and 
postbako were performed, patterning of the titanium was carried out by wet etching, and the 
mask pattern 4 of a directional coupler was produced, furthermore, this titanium — a mask — 

carrying out — bis patterning of the film of a copolymer with tetrafluoroethylene was carried 

out to -2. 2-trifluoromethyl -4. 5-dHluoro-l . and 3-JIOKI SOL (PPD) by dry etching, and the 
core pattern 5 was produced. Wet etching removed the r emain i n g titanium and the up clad 6 with 
a thickness of 5 micrometers was produced by the approach same with finally having produced 
the lower dad. By such approach, the directional coupler of the structure of drawing 3 formed by 
flush type waveguide with a core width of face [ of 7 micrometers ] and a core height of 7 
micrometers was obtained The refractive -index difference delta between a core and a dad was 
about 0.25* on the wavelength of 1.3 micrometers. This directional coupler showed 2dB of 
insertion losses and OidB of superfluous loss of 3dB coupler whose TE polarization and TM 
polarization include 97% or more of binding fractions, and connection loss, and the outstanding 
optical property by choosing interaction length suitably at the time of the wavelength of 1.3 
mi cr ometers. Furthermore, in tho fufl wave length region with a wavelength of 1 .2 micrometers - 
1.65 micrometers, the directional coupler of 23dB of insertion losses and 0.3dB or less of 
superfluous loss of a 3dB coupler with which TE polarization and TM polarization include 95% or 
more of binding fractions and connection loss was obtained The produced directional coupler 
has tho property equivalent to the first stage, even after being immersed after 1 00-degree-C 
heat treatment and underwater, and into a Ngh-humidity/tempersture (85-degree-C. 85%RH) 
ambient atmosphere and an acetone, and it was excellent in a resistance to environment and 
long term stability. Consequently, the resistance to environment of the waveguide type light 
device which has a directional coupler, economical efficiency, and versatility improved sharply by 
using the perfkioro-giant molecule of the copolymer of a formula (** 1) and a formula (** 2). 
[0025] Instead of the perfkioro-giant molecule [the copolymer of screw -2. 2-trifluoromethyl -4. 
5-diftuoro-1. and 3-JIOKI SOL (PPD) and tetrafluoroethylene] used as a core layer 3 in example 

2 example 1 The pofy perfkwro-aByl vinyl ether (the refractive index of a thin film with a 
wavelength of 0.59 micrometers is 1.34) which has the repeat structure of n= 1 by the formula 
(** 3) As a spin coat solvent for core layer production, instead of the organic sofvent ( Fluorine rt 
FC-75. 3 M company make) of a fluorine system moreover, a perfkjoro-organic solvent (CT-sofv 
180. Asahi Glass Co.. Ltd. make) The directional coupler of the structure of drawing 3 formed like 
the example 1 instead of the ceramic plate as a substrate using Si wafer by Bush type waveguide 
with a core width of faco [ of 7 micrometers ] and a core height of 7 micrometers was obtained. 
The refractive-index difference delta between a core and a clad was about 0.35% on the 
wavelength of 1.3 micrometers. This directional coupler showed 2dB of insertion losses and 
0.2dB of superfluous loss of 3d8 coupler whose TE polarization and TM polarization include 97% 
or more of binding fractions, and connection loss, and the outstanding optical property at the 
time of the wavelength of 1 .3 mi c rom e ters. Furthermore, in the fuD wave length region with a 
wavdength of 1.2 micrometers - 1.65 micrometers, the directional coupler of 2,3dB or less of 
insertion losses and O.SdB or less of superfluous loss of a 3dB coupler with which TE 
polarization and TM polarization include 95% or more of binding fractions end connection loss 
was obtained The produced directional coupler has the property equivalent to the first stage, 
even after being immersed after 100-degree-C heat treatment and underwater, and into a high- 
humidrty/temperature (85-degree-C. 85%RH) ambient atmosphere and an acetone, and it was 
excellent in a resistance to environment and long term stability. Consequently, tho resistance to 
environment of the waveguide type light device which has a directional coupler, economical 
efficiency, and versatility improved sharply by using the poly perfkioro-atlyl vinyl ether which has 
tho repeat structure of n= 1 by the formula (** 3). 

[0026] The Mach-Zehnder interferometer of the structure of dra wing 4 formed by flush type 
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stability. Furthermore, environmental humidity showed the almost equivalent property in the 
range of RH 13 to 90%. and the humidity dependency of the extinction ratio of switching which 
was a problem in the conventional giant-molecule waveguide of operation was also canceled. 
Consequently, the resistance to environment of a giant-molecule TO switch, economical 
efficiency, and versatility were able to be sharply raised by using the perfluoro-giant molecule of 
the copolymer of a formula (** 1 ) and a formula (** 2). 

[0029] The two-layer metal membrane 7 of Ti and gold used as the electrode for heating (heat 
optical phase shifter) was formed by spatter vacuum evaporationo on the up cladding layer 6 of 
the Mach-Zehnder interferometer produced in the example 6 example 4. After carrying out the 
spin coat of the photoresist to this metal membrane 7. the resist was made to imprint the mask 
pattern 8 of an electrode with a FOTOPJSO graphic method. The photoresist was used as the 
mask, Ti was etched into the last and the electrode 9 was formed in it As a result of performing 
property measurement of the Mach TSUENDA mold TO switch ( drawmg.8 ) by the poly 
perftucro-a&yr-viriyr-ether optical waveguide formed by such approach, the switching time was 
5mS(s). switching power was 7mW. and tho extinction ratio of 2.8dB and switching of the 
insertion loss of the transparency port at this time was 25dB in the connection loss lump. It 
turned out that the perftuoro-organic giant-molecule TO switch which switching power is 1/50 
or less [ made from a quartz ]. and was produced by the formula (** 3) according to the 
effectiveness of the big heat optical constant which poly perftuoro-aflyl vinyl ether with the 
repeat structure of n= 1 has operates as low power and a high-speed optical switch. Moreover, 
produced TO switch has the property equivalent to tho first stage, even after being immersed 
after 100-degree-C heat treatment and underwater, and into a high-humidity /temperature (85- 
degree-C. 85%RH) ambient atmosphere and an acetone, and it was excellent bn a resistance to 
environment and long term stability. Furthermore, environmental humidity showed the almost 
equivalent property in the range of RH 13 to 90%. and the humidity dependency of the extinction 
ratio of switching which was a problem in the conventional giant-molecule waveguide of 
operation was also cancded. Consequently, the resistance to environment of a giant-molecule 
TO switch, economical efficiency, and versatility were able to be sharply raised by using the poly 
perftuoro-allyl vinyl ether which has the repeat structure of n= 1 by the formula (♦♦ 3). 
[0030] instead of the poly perftuoro-aOyl vinyl ether which was used in the example 7 example 6 
and which has the repeat structure of n= 1 by the formula (** 3) The poly perftuoro-aOyl vinyl 
ether which has the repeat structure of n= 2 by the formula (** 3). The pofy perftuoro-allyl vinyl 
ether which has the repeat structure of n= 1 by the formula (** 4). And the same actuation as 
an example 6 was performed using the poly perfluoro-elM vinyl ether which has the repeat 
structure of n= 2 by the formula (** 4), and the Mach TSUENDA mold TO switch by pdy 
perfkioro-dfyf-vinyl-ether optical waveguide was produced. As a result of performing the 
property measurement the value with the insertion loss of the switching time, switching power, 
and a transparency port and the extinction ratio of switching almost equivalent in ** 10% of range 
of the switch produced in tho example 6 was shown. Moreover, even after being immersed after 
100-degree-C heat treatment and underwater, and into a high-humidity /temperature (85- 
degree-C. 85%RH) ambient atmosphere and an acetone, it has the property equivalent to the 
first stage, and it excelled in a resistance to environment and long term stability. Furthermore, 
environmental humidity showed the almost equivalent property in the range of RH 13 to 90%. and 
tho humidity dependency of the extinction ratio of switching which was a problem in the 
conventional giant-molecule waveguide of operation was also canceled. Consequently, the 
resistance to environment of a giant-molecule TO switch, economical efficiency, and versatility 
were able to be sharply raised also by using the pofy perftuoro-allyl vinyl other which has the 
repeat structure of n= 2 by the formula (** 3). the pofy perfluoro-aDyl vinyl ether which has the 
repeat structure of n= 1 by the formula (** 4). and the pofy perfluoro-alh/1 vinyl ether which has 
the repeat structure of n= 2 by the formula (** 4). 

[0031] Partial ftuorination PMMA was used as PMMA and a charge of a dad plate as example of 
comparison 1 core materials, and the Mach-Zehnder interferometer was produced by the same 
approach as an example 3. When light with a wavelength of 1 .3 micrometers was inputted into 
this Mach-Zehnder interferometer from the arm 1. the optical output was observed only with the 
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arm 4 at the time of 50% of environmental humidity. Th* insertion loss at this time showed 2.3dS 
and a small vakie by joint Vss lump. However. I.I and 1 4 or 1 .6-mierometer band with the 
harmon ie -over t one absorption peak of CH association showed the big insertion toss 10dB or 
more, tt turned out that an insertion loss increases the produced Msch-Zehnder interferometer 
to 5dB or more after being immersed after 100-degree-C heat treatment and underwater, and 
into a high-humidity/temperature (85-degree-C. 85%RH) ambient atmosphere end an acetone, 
and a resistance to environment and long term stability are inferior. Moreover, the output of an 
arm 4 decreased [ environmental humidity ] gradually in the range of RH 13 to 90V end the 
output of an arm 3 increased. Consequently, in the Mach-Zehnder interferometer which uses 
PMMA as core materials, a resistance to environment, economical efficiency, and versatility are 
inferior. 

[0032] Partial fluorination PUMA was used as PMMA and a charge of a dad ptato as example of 
comparison 2 core materials, and the Macrr-Zehnder-interferometer mold TO switch was 
produced by the same approach as an example 5. As a result of performing property 
measurement of this Mach TSUENDA mold TO switch ( drawing 6 ). the switching time was SmS 
(s). switching power was 8mW. end the extinction ratio of 2 SdB and switching of the insertion 
loss of the transparency port at this time was 25dB in the connection loss lump. When the 
property was measured after imrnersing produced TO switch after lOO-degree-C heat treatment 
and underwater, and erto a high I uui adit y /temperature (85-degree-C. 85OTH) ambient 
atmosphere and an acetone, the insertion loss increased to SdB or more, and a resistance to 
environment and long term stability were inferior. Moreover, when environmental humidity is 
changed « the range of RH 13 to 90V the extinction ratio of switching by the same operating 
condition is the worst falls to SdB, and serves as an operating characteristic inadequate as en 
optical switch. Consequently, with the Mach-Zehnder-irrterferometer mold TO switch which uses 
PMMA as core materials, a resistance to environment, economical efficiency, and versatility are 

[0033] 

[Effect of the Invention] According to this invention, the macromolecule waveguide type light 
device which is excellent in thermal resistance, waterproof moisture resistance, and an optical 
loss property can be offered according to the description heat-resistant [ of the perfluoro- 
organic macromolecule used as a waveguide ingredient ]. waterproof damp-proof one, and 
Tekamitsu penetrable. Moreover, the waveguide type light device which is excellent in 
economical efficiency and versatility as the result can be manufactured now. 
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* NOTICES ♦ 

JPO.tnd NCIPI art not responsible for any 
deatues caused by the use of this translation. 

1. Thaa document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 

3. fci the drawings, any words are not translated. * 



DESCRIPTION OF DRAWINGS 
[Brief Description of tho Drawings] 

[ Drawin g jj It is drawing showing a perfboro-mscranoleculo and tho absorption spectrum of 
PMMA. 

[Drawing 2] It is drawing showing tho making process of a directional coupler and a Mach- 
Zehnder interferometer. 

[Drawing 3 ] It is tho mimetic diagram of a directional coupler. 

[ Drawin g 4] It is the mimetic diagram of a Mach-Zehnder interferometer. 

[Drawing 5j It is drawing showing the making process of TO switch by Ruorination polytmide. 

[Drawin g 6] It is the mimetic diagram of a fluorination polyimtde TO switch. 

[Description of Notations} 

1: A substrate, a 2:lower cladding layer, 3:core layer. 4 mask pattern, five xore patterns, a 6 up 
cladding layer. 7:melal membrane, the mask pattern of 8:electrode, 9 : electrode 
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Abstract of JP1 0227931 

PROBLEM TO BE SOLVED: To provide a 
polymer waveguide optical device excellent in 
heat resistance, water and moisture resistance 
and light-transmitting property and improved in 
cost performance and versatility. SOLUTION: 
In this waveguide optical device including a 
directional coupler, the core and/or the clad of 
the directional coupler essentially consists of 
the perfluoro org. polymer material described 
below as the main structural element. This 
polymer material is an amorphous org. 
polymer material which has a cyclic structure 
comprising carbon-carbon single bonds and 
carbon-oxygen single bonds in the molecular 
chain expressed by formula and has only 
carbon-fluorine bonds as chemical bonds of 
carbon and univalent elements. The 
waveguide optical device may contain a Mach- 
Zehnder interferometer fabricated by the 
combination of two or more directional 
couplers. Moreover, the device may have a 
thermooptic phase shifter consisting of a 
resistor thin film for electric heating. 
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Mfc2) ©«JSr*-6^-2. 2- h*)7)l*us? 
;i>-4. 3-s?**y-iU (PP 

D) £©*fi£ft<D5%, PPD«1^8 3mo 
l%©]S#^£:7?*R0W«j^ ( Ruorinert FC 

-75, 3MttSS) ec«R3W2%i<rSJ:5«:«(»i/ 
SHaT4ox-ciB$ia. loo-crum iso'c 

m. &S0. 5 9MmtOi*r*#l. 2 9©TSP*5 
»FJi2*fffl!bfc. *CC V PPD©ftfi£tb&H0m 
o 1 yoOMfrF*? yf3R©fftt8)8 ( Fluorinert F 
C-75. 3MttS) «c«K*si 0%i«c*J:9*cjglB 
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#h«T4 o -c-c i n$n. i o o °cx- 1 b$rk 1 8 0 *C 
■cientpftu, jB«*S4«:tt*i/r, SJ17Mm, 

SS0. 5 9 jz raT Qmtft&fi 1 • 3 2©3713^ 

io 5-^7;l/tD-l, 3-i***v-;U <PP 

D) t % f h^7Jl/tnxf b>c©*l^ft07 ^ Jl/ 
A * F^x?*>^Ct«fc^£-x>^U 37/<> 

WDiiL, «WcT»^9sf FtfWOfcOiRWi' 
©*ffi-CW35 *im©±a^7 v F6.«rfiaS0/c. t© 
J; 0 9. 3TiH7/2m, :3 7^3 7Mm©S 

fc. 37i^7? F©B©JI*r*I£A tti&B 1 . 3 m m 
"C#J0. 2 5%t*ot C0Mtt38*SB. 
20 fl»4*3K:a-fcc£fc<fc<K SSI. 3 ai m©B$, T 
E(ij^iyTM(B**K:tt**9 7»JeU:. 
Stf#A»*2dB, 3dB#y:/7-©«*l»ifc0. 
2dBifih/c*¥RI4^L/c. IK, SSI. 2m 
nr~l. 6 5 ^m^M^CteUt, TES^&CXT 
M«*ftK:e&*9 5Xa±. «tt»jfc*St**PA«Jfc 
2. 3dB. 3 dB©*y^~©&fjS£0. 3dB 

o o -c^^sfg, r#*** xa«s ( 8 5 -a 8 5 % 

RH) *HSl**r-feF>*tcaiR»fefi«l!<bH«©4# 
fc^fc. C©«*. a Mbl) 4 (ft2) ©£g£<* 

[0 0 2 5 ] HJfeW12 

XtttH nc t» m r 1 3 £ l r ffl i» fc^ ;u y )\> * d K 

7JW*a-l. 3-J/**V-^ (PPD) if h77 
Wnxfl/>tO*i*« ©f^^(c, a (ft 3) r 
40 n= l©»9iiU«a*»^#tf^7^*OT';iH^ 
^;l/x-r^ (ftft 0.59m mr©»R©)B!Ff*B 

1. 34)*. *te=irefW»©^tr>3-F«jii 

Lr 7 vf&&<Dtiffl&1& ( Fluorinert F C - 7 5 . 3 

180. mm+im) m&t v-c^ 5 9 ^«©« 

Mm. 37KS7//m©aaffl«iSa»-C}Bflt03tBI3© 
«»©*^tttS*a*»fc. 37^7»F«HOBIr 
$SAtt«Sl. 3/imtl^O. 35%"C*o/Co C© 
50 ^iPltttg^gtt. SSI. 3/zra©B#. TE<S^O # T 



(6) 

9 - » 

M(l^fcJB£*9 7%fci±, ®)&S#:£^OJfA«* 
2dB. 3dB^^7-OMi*0. 2dB<t®ft 
fc#1^tt*ifilyfc. BtC % 2/im-l. 6 5 

TEffl*atXTMffl*««c« 

T. 3dB0*^^7-©jaJWS*O. 3dBfilT0# 
filtttt^B*»te. fWl,fc#flttlS£»tt 1 0 OTCKk 
AOSft. SO'**, iS&igS(8 5'C. 8 5^RH) £ 

t<DJ££. 5$(ft3) t>n=l©i£9&L*8>££}$otf 

m asm. v\mmtwmfa±.wc. 

[00 2 6] HMS3 

SBKWl©vX^^->4* % 3dB*^^-€:2a 
Ml tB«flO»f^*tf^ciK:J:D. 37«7itm, a 
»'v>*>#--T»St*t#fc. £©v»/\?*>y-T 20 

5. 3lEUJ*ttr-A4-C©*H8HS*iA:. C©<b£<D& 
Atl^^m^^^C 2 . 5 d B fc/h3 fcH*iftU 

fc. fat ^ fc-? ? y * > i o o 'cmm 

81 SO**, (8 5'C. 8 5%RH) ^fflm 

**r-fe h>*K«ai«fcOTtH»oW**i/rfc 

fc. «aSS*«l 3~9 0%RH©«HTH(3ra«©!|$ 

KrffifflKtfiffttfcJBMSnfc. Etc. ftfti. 2 am- 30 
1. 6 5/im"C3dB*5r^-€rttfflTSCiCCJ:9 
±«fi«K:tel»ri. 3Mm©»££0ttCDf8»4»* 

ctOTI«r*ofc. coft», * (fti > i« (ft 
2) i©*i^*D^7 WnJ^iffiltSC i 

[0 0 2 7 ] HJSM4 

SaSM2 0^^^^->4«r, 3dB*77-?:2i 

W2 £|5jtt©»fE*fr 5C<btCi:9, 3 7«7juiih =J 40 
TM£ 7 m mOaE&SSaKfiB^JiKb fcH 4 ©UK6© v 

#fHCjftfil. 3MlD©**r-Al*>6A*Lfc4C 

6. *ffl*ttT-A4-C©*«i!lStlte. t©<h£©$ 
Affl*ttte£*ifc&#'C2. 8dB4/hStt«*«l/ 

fc. rat/cv^^^x^^-^fmi o o°c?mm 
a. so**, ig^a (8 5°c, 8 5%rh) 

fc, ?B«fflS^ 13-90 %RH(DfaSr^t^^©1# 50 



ft§3¥ 1 0-2 2 7 93 1 
10 

■fHBfltttffttfellHHShft:- EK, ttftl. 2/zro- 
1. 65MmT3dB*^7-*ffifflt4CilCj:0 
4«fi««c^ri. 3 /im©»£t !§!«©****»* 
C<k3WnIfl6-C*ofc. C<D*£H. S(ft3) "Cn = l© 

[002 8] 

UttM 3 t?fai ore v #-^it©±ai* ? 

9 KJB6©±tC«BtgS («*?tt«i/7^) 

T i^J5JS7^^tr^^«tCj:»}»S5b/c. C©T i 

ZhlcftM2#1t. y*bU*S*h*:*X9t 
U Ti©x?*>#£m^S9£^J5Rl/fc. CO <t 

JH*KJ:*-79^*>*-STO^^?* (IS 6) © 

Affl^«S^»^^-C 2 . 5 d B . X -f 9 y©?8 
#ittt2 5dBTfeo/c 9 * (ft 1) (ft2) 
^fi^f*©^ yji* umfrf-ft'St & A t 

aosftstc j: o * ^ * > #mt) »siai © 1 / 5 o a 

^/c. *fc, (WbfcTOX-Yv^ttlOO'CIWHi 

a, so**, saiss (8 5-c, 8 5%rh) #hm 

IBSfflBDWl 3-^9 0 XRHOHBrSiaM^OW 

>^©rg*i:b©ttf¥se[«t#ttt)»?ssn/c. c©*s 

55 (ftl) (ft2) 
*fc. 

[0 0 2 9 ] HSfePil6 

9 F JB 8 OJbCcftMIMiSff (i**tt«^f ) i^"^> 

Ti «b^o2@^sig7 4^^y zmmz&*)&i&o 
ft. fM©-7X^^*->8*7* h >; vWy&x.tL 

fc„ c©J:9&*ffi«:J:«at:*SSl/*:#y'<^^*o 
7'j;^^;i/i - f-;V7fe2g^8tc <fc ^> -*vnv*>#- 



6dB. 74 9 *>?<DmMt&2 5 d Bt*o/c B S 
(ft3) tn= l©«0iil/*iS«:J#osJiy^7;^ 

*fc J: 0 * >f v ^> y«*«E3ai© 1/5 0«Tr& 

issaasa ( 8 5 85%rh) ^sa^-^r-fe 

«o*»WiWr ibis? *> o ft:* -f 9 * > y ©in* 
tb<D»flpa««Rffttb««SShfc. co&m, * (ft 
3) rn = i<o«Ofi(/«Jl*J*o#y^^u*nT 

[0O3 0 3HJ6PJ7 
SaSWe-CttBUfc* S5(ft3) Xn = l©S3l9&l/tJf 20 

ic. «(ft3) rn = 2©iOIbiM^';^ 

7WP7 ■JJVexiVx— S(ft4) -Cn = l© 

irattoare^tf i\ * y war y jut-ji/x 

-f*;Hfe^SS80C «fc -5 V 9 x > T O* 

9 ^>^<D?B*Jt*cc3BteW6 rfPUOfcx -Y ? 
1 0%©«H-C«BH«Otl*Sl/fc. */c, 10 0°C 
fft&m St;**. iSfiiKS (8 5U 8 5%RH) 

fc. stc, 1 3 -9 o %r Hommvmm 

©6*. a (ft 3) rn = 20tt9ao«B«»o#y 
^l/7;^D7'i^t:^x-f^ 4 s (ft4) -en 40 
= 1 ^0iEUflKi*J*o*}«»!^U7^*ar yji/^x 
;bx-r;^ ftC« (ft4) "Cn = 20M*)&bimZ 
Jfo^ y ^ ;i/ 7 fr* a 7 y ;u fc* x ;ux - 7 1 ;i> £$ffi*f & 

[0 0 3 1 ] tt^J l 

rJ7tm<tGTPMMA, *5 9 F*t*4«b 0"Cg&#7 » 
JRftPMMA*«8U WiW3tB«ft*jStrv9^ 
^x>^-^F*ft?rfPSJU/c. Z<DW^7x>9-=f' 
Mffcttfil. 3Mm©jlc47-Al3&^A*0/ciC 50 
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5. (Milts 0X<Dl*:JtlllABr--A4TO«H) 
£ft/c 0 COi#<D«Aaife«fi^«ifeii*t?2. 3d 

-mSl. 1 , 1. 4, 1. 6 Mm^-Ctil 0 dB 
fel±0*t«c»A«**^U/c. m/cv?A7x> 

(8 5-C, 8 5%RH) JMMS**7-feh>*«:i«IMI 
m\»£#5dB«±fc*t&nU MStttt. 
tx#&oTt>*C<L#bfroft:,, *fc> StWUCAS13 
-9.0%RH©effl"C7-A4©ffiA^^{C«d>L,7 
-A3Oa*^*W0LA:. C©*S*. PMMA£37tf 

[0 03 2] J±?3fll2 

37tmturPMMA, ^79 mntvx$&yv 

*ftPMMA*«H!U IOB(5tBI*&*tt'CV9^ 

^yx>9-MT07>4v? (me) ©*tt«e*tf-^ 

fcIS*. XY^>«W5mS, 74v*>9nt) 
tt8mWC, C©i*©M#-hOlfA»f^»KtB 
&&#T?2. 5dB, ^^9^>yorB*ttW2 5dB 

r*o/c„ raucTo^Y-yf^i 0 0 -c«ygsH& 

RC^Tk*. iS^iSS ( 8 5 °C, 8 5%RH)Sffl»** 
7-feh>*«:iIiS»cc»tttaBE0tetc-5. i$A«£ 
#5dB«±fci«toU HSMtt. MBcjEIW^-Q'C 
U/c. mim&Zl 3-9 0%RH©«ffl-CXft 

3Wft«T?5 d B^riSTL, ^c^-Y 9 
IW¥»ttt<t*. CCDteS. PMMA^nrt«4<b-r^ 
7>;^ x y9-=?»imT0Z4 v ?VteMmim. 

[0033] 

%mm±<o*mfc& v ) > warn. w*»si*, %m$$ 

[HI ] ^7;l/taS^iPMMA©tte^^ h 
KlltStHtt*. 

[S3] #sittis^so«sia-c*s. 

[04] V9^^x>y-T*«-©«aHr*5. 
[05] 7«'JY; FfCJt6T0^-/»^©fW 

[06] 7»*ft#U-f5 FTOX-f^Ottfflt* 

So 

[ft^OEftW] 
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